Objective: The aim of the current research project was to study the role of the Neurometer ® as a tool to predict responders to sacral neuromodulation therapy (SNM).
Introduction
Sacral neuromodulation (SNM) is considered as a successful therapy for voiding dysfunction. Before permanent implantation, the patient must undergo a stimulation test called Percutaneous Nerve Evaluation (PNE). The patients' response (measured as an improvement in voiding function) determines whether they will receive a permanent device implantation. Up to 50% of screened patients are not eligible for implantation due to a lack of improvement observed during the stimulation test trial PNE, as recorded in the voiding diary. -3] One of the major reasons for this is inefficient electrode placement in the sacral foramen and/or lead migration. [4] The aim of the current research project is to study the role of the Neurometer ® CPT/C device as a tool to predict the responders to SNM therapy in both the screening, and the follow-up phases of the treatment.
Sacral Neuromodulation (SNM)
The causes of voiding dysfunction are often idiopathic, with no clear etiology. [5] Pharmacological treatment of voiding dysfunction relies mainly on anticholinergic drugs, yet the bothersome adverse effects of these medications (such as dryness of mouth, constipation and blurred vision) discourage some patients from using them. [6] Other modalities of treatment include behavioral therapy, such as pelvic floor training, restriction of fluid intake, and timed voiding. [5] SNM has proven to be an effective treatment modality for voiding dysfunction refractory to drug therapy, and also urinary retention. SNM with InterStim ® (Medtronic Inc., Minneapolis, Minnesota USA) is a Health Canada-approved medical device (Licence No. 14962) for the treatment of refractory overactive bladder, frequency-urgency syndrome and chronic urinary retention. It involves implantation of a lead electrode into the third sacral foramen adjacent to the third sacral nerve (S3) under local/general anesthesia using a minimally invasive procedure. The electrode is attached to an internal pulse generator (IPG), which is implanted in the subcutaneous tissue of the buttock area. The mechanism of action for SNM is still to be elucidated; however, it is believed that beneficial effects are due to the initiation of action potentials in somatic afferent nerves. [7] Furthermore, SNM helps to attain normal voiding in patients with chronic urinary retention.
Percutaneous Nerve Evaluation (PNE)
The testing procedure involves placement of a thin insulated wire into the third sacral foramen to determine if a patient is a candidate for implantation of the permanent InterStim ® . [8] Patients who have a response to the test (defined as ≥50% improvement in one or more of the voiding parameters compared to the baseline) are considered candidates for implantation of the InterStim ® . The test trial involves either a PNE (which is an office-based test) or a staged procedure (which is performed in the operating room) for patients who are not candidates for office-based stimulation test (e.g. morbid obesity, difficult anatomy, previous sacral surgery or unable to tolerate the procedure under local anesthesia). The patient's response to the test determines if they are a candidate for the device implantation.
Neurometer CPT/C The Neurometer ® CPT/C, (Neurotron Inc., Baltimore, MD) is an investigative noninvasive, electrodiagnostic device that verifies the nerve integrity at a specific dermatome. It allows the operator to quantify the severity of detected abnormalities based on established normative values and a generated narrative report.
[9] The Neurometer ® CPT/C tests the integrity of all three nerve fiber types (beta, delta and C) by testing the pain tolerance threshold (PTT) and plotting it on the interpretation curve to determine the functional status of the nerve . The Neurometer ® CPT/C has three frequencies: 2000 Hz, 250 Hz, and 5 Hz. Patients who have voiding dysfunction have a higher activation of C afferent fibers than in patients with normal voiding. [10] To determine the patient's pain tolerance threshold, C fibers are stimulated at 5 Hz. C fibers are normally quiescent under normal conditions and become reactivated under certain pathological conditions involving the lower urinary tract. [11] Suppression of C fibers with normal or low pain tolerance threshold is required for effective SNM therapy. [10] The device obtained an approval for use in our institution by Health Canada.
Material and methods
This was a prospective, open study in male and female patients, aged 18 and over with voiding dysfunction [non-obstructive retention, and/or frequency-urgency syndrome] who underwent a standard screening test trial with PNE to determine the candidates for SNM using the InterStim ® sacral nerve stimulator, and the patients who previously had the InterStim ® implanted for voiding dysfunction.
The first group underwent a screening test trial with PNE to determine the candidates for SNM using InterStim ® sacral nerve stimulator. Prior to PNE testing, all patients were evaluated for the PTT using the electrodiagnostic Neurometer ® CPT/C device. The patients who were responders to PNE testing underwent InterStim ® implantation. Patients who showed a poor response to the PNE underwent staged implantation procedure. The second group previously had the InterStim ® implanted for voiding dysfunction. At routine office followup visits, those patients with implanted InterStim ® had their symptoms evaluated subjectively and objectively using the voiding diary, and these symptoms were compared with the symptoms recorded in pre-implant (baseline) diary. During the same visit, they were tested for the PTT using Neurometer ® CPT/C device.
The Neurometer ® used in the present study was meant to measure a single numerical reading of the patient-adjusted PTT threshold that is recorded on the right and left sacral dermatomes. The intensity of the maximum tolerable neuroselective stimulus was defined as the PTT. The electrodes were located at the S3 dermatome near the anus, as shown in Figure 1 . The PTT is a noninvasive atraumatic neuroselective evaluation test of pain tolerance under patient control. The CPT is the sum of the PTT thresholds that are recorded for the right and left sacral dermatomes. In the present study, the Neurometer ® was used at a frequency of 5 Hz, which is specific for testing the threshold of perception of the C-fibers in the selected dermatome. [10] Statistical analysis A statistical analysis of patients with and without an InterStim ® implant was conducted to assess if the Neurometer ® could be used as an adjunctive tool to screen and predict the outcomes of the InterStim ® therapy. The statistical test preformed was a linear discriminant analysis, which uses simple linear regression analysis to find out if the independent continuous variable(s) can predict the dependent categorical variable. In this analysis, the satisfaction of the patients and the trial results serve as twolevel categorical-dependent variables since they have possible values: happy or unhappy, and positive or negative trial results. The two-level variables were separated into 0s and 1s to make the calculations and predictions simpler. Once the simple linear regression analysis was completed on Microsoft Excel, the slope (b1), intercept of the regression line (b0), and the numerical variable CPT/CPD value (x) was used in an equation (1) to predict the value of the dependent categorical variable (happy/ unhappy, or positive/negative).
(1) ŷ=b0+b1(x)
Once the predicted -scores of each value have been calculated, we used the regression formula to classify scores, essentially categorizing them into different groups. The mean (of the predicted values were calculated in separate groups based on their x-value, either being a 1 or a 0 designated based on happy/unhappy, or positive/negative. A cutoff point (or midpoint value), defined as C, is determined to be able to separate the values into two separate categories-zeros or ones.
(2) ((n0 *x 0 )+(n1 *x 1 )) C= (n0+n1)
The predicted y-hat score was classified as being in the group whose predicted score mean it is closest to. If a predicted y-hat score is below the midpoint value calculated as C in equation (2), it is classified as group 0. Conversely, if a predicted y-hat score is above the midpoint value calculated as C in equation (2), it is classified in Group 1. Once the calculations of predictions were completed, the percentages of accuracy of the predictions were calculated. To see if the predictions were accurate, the predicted groups (zeros or ones) must match the actual group (happy/unhappy, or positive/negative). A percentage was then determined from the amount of correct and incorrect predictions as shown in the equation (3) below.
(3) correct 100 % Accuracy= * 100 (incorrect+correct)
Results
We recruited a total of 123 patients, 60 of those were in Group 1, and 63 in Group 2. In Group 2, 12 patients had a negative PNE, and they were planned for a staged implant. They did not complete the study and excluded. In Group 2, one patient had a twin InterStim ® implant, and was excluded.
After the simple linear regression analysis and linear discriminant analysis were preformed for both groups, it was found that in Group 1, for a combined CPT/CPD of 800 and above, the Neurometer ® could predict the trial test screening results with an accuracy of 71%. In Group 2, the results showed that if the patient had a combined CPT/CPD of 600 and above, the Neurometer ® could predict the level of satisfaction or dissatisfaction with the InterStim ® implant with an accuracy of 72%.
Discussion
The relative simplicity of the technique, and the low patient morbidity associated with proper selection and sacral implantation makes this therapy an attractive therapeutic option. [3] However, SNM therapy has moderately high rate of complications, reaching up to 18.2%. [12] The patients with voiding dysfunction have to undergo a PNE or a staged implantation procedure to evaluate their eligibility for the InterStim ® implant. Both options (PNE and staged implantation) are unpleasant to the patients; however, the proposed Figure 1 . Dermatome map hypothesis behind using Neurometer is to offer a noninvasive procedure that can replace the routine invasive screening techniques.
The present study is a follow-up to a pilot study on 27 patients conducted at our site to test the feasibility of the Neurometer ® as an adjunct to the PNE screening test for SNM using InterStim ® sacral nerve modulator. [13] The patients with voiding dysfunction have a higher activity of C afferent fibers than normal individual. [10] Despite theories indicating an increased or altered afferent sensitivity in lower urinary tract dysfunction, there is no reliable method to measure the bladder sensation. [14] The patient's PTT recorded during the test with the Neurometer ® is based on stimulating the C fibers at 5 Hz. Neurometer ® CPT is the only commercially available instrument applying this technology for the evaluation of sensory nerve function. [15] Measurement of CPT in the genital area has been reported previously for the transvaginal [16] and transurethral regions. [14, 17] To our knowledge, this is the first study which evaluated the bladder/urethral sensation using a transdermal approach targeted at S2-4 distribution (Figure 1 ).
The present study did not address the values of the C-afferent activity in the same dermatome in patients presenting with non-voiding dysfunction. This represents a likely objective of a subsequent study to establish the 'normal' values in non-voiding dysfunction patients.
In conclusion, based on the prediction values presented in this study, the Neurometer ® may play a role in predicting both test trial positive responders, and the patient satisfaction after implant. The screening test with PNE or staged implant is still the gold standard for the proper selection for patients with voiding dysfunction prior to the permanent implant with the InterStim ® therapy. However, using the Neurometer ® is considered a simple noninvasive test to follow patients with permanent InterStim ® implant to test the C-afferent activity status.
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